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rubber clones are usually propagated by taking vegetative buds from
budwood (scion) of the desired clones (such as BPM 24, IRR 112, PB 260) and
grafted onto seedling rootstocks. Therefore, rootstocks are always needed in
preparing rubber planting materials. There is a close interaction between the root
system and the canopy that influences performance of the tree. The interaction
1) 1) 1)
1) 2) 3)
1)
2)
3)
Indonesian Biotechnology Research Institute for Estate Crops
Indonesian Rubber Research Institute, Sungei Putih Research Center
UMR DAP CIRAD, Montpellier France
Hevea brasiliensis
Hevea
Abstract
Microcutting is one of in vitro plant propagation methods and it has been developed for rubber
(Hevea brasiliensis) by using axillary buds from young seedlings as explant sources. There are some
constraints to implement microcutting technique in mass propagation of Hevea such as high level of
contamination, low proliferation rate, poor rooting, and difficulty in acclimatization process.
Achievements and problems in the implementation of this technique in Indonesia will be discussed in
this paper. Around 19,000 explants from 89 genotypes have been introduced in primary culture for
almost 3 years (2006-2008), 40% of which failed to develop during this stage due to contamination
and no response of the explants. All healthy and good responsive explants had been transferred to
multiplication phase. The multiplication rate was 1.3 to 1.6 per month for the best genotypes. In
2007 and 2008, around 6,000 new shoots had been introduced to conditioning phase, 80% of which
continued to rooting phase. These two stages produced about 4,000 plantlets which were then
acclimatized to ex vitro conditions on different media and micro-environments.The suitable medium
for vitroplants acclimatization was a mixture of cocopeat, soil, sand and dung manure. Better
growth and survival rate were achieved when the vitroplants were cultured inside a closed plastic
tunnel placed under tree canopies. The survival rate of vitroplants 1.5 month after weaning has
increased to 60% but still fluctuated and only 15% in average after 6 months. The survived plants
with good rooting systems were then transferred to a shading nursery. Vitroplants and GT 1 seedlings
were planted in the field for 7 months before being budded with scions of PB 260 clone. All rootstocks
from vitroplants and GT1 seedlings were successfully budded with scions of PB 260. At present,
budded and unbudded vitroplants are being planted in the field.
Key words : Microcutting, axillary bud, vitroplants, acclimatiza-
tion, clonal rootstock, scion-rootstock budding
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occurs both through the exchange of resources like water, nutrient and
carbohydrate and also via hormonal messengers. The physical union between
rootstock and scion, or the degree of its compatibility, influences the exchange of
these materials and to a certain extent affects the relationship between scions and
rootstocks (Richardson ., 1994).
In rubber, seedlings from various clones are used as rootstocks. In
Indonesia, the seedling rootstocks are mainly from seeds of GT 1, PB 260, RRIC
100 and AVROS 2037 (Siagian & Suhendry, 2006) and the scions are from
recommended clones. Even though seedling rootstocks are widely used in rubber
plant propagation; they have a disadvantage especially in their low uniformity due
to the heterogeneous growth capability. To overcome this problem, rubber clonal
rootstocks are needed, but they have not been available yet due to the lack of
clonal propagation method for rootstocks. There is another problem related to the
availability of candidate rootstocks. It is well known to use rootstocks selected for
adaptability to certain soil conditions and resistance to soil pathogen. Due to the
lack of clonal propagation technique in rootstocks, all selection systems
have been neglected in rubber breeding program.
Microcutting can be defined as micropropagation process which utilizes
tissue culture-based technology to propagate plants by using axillary buds as
explants. Plant propagation from nodal segment containing single axillary bud
has been implemented successfully in by using seedling as a source of
explants (Lardet ., 1994; Perrin ., 1994, 1997; Carron 2003). The
multiplication rate varies from 1.3 to 2.3 per month depending on the genotypes
and culture age. In field trial it was shown that plantlets had a well-
developed taproot and lateral root system, with its architecture similar to that of
plants obtained from seeds (Carron ., 2000, 2007). Since the propagation
success was mainly from seedlings, this technique will be suitable for clonal
rootstock propagation.
Based on the potential of the microcutting technique, a collaborative research
program amongst Indonesian Biotechnology Research Institute for Estate Crops
(IBRIEC), Indonesian Rubber Research Institute (IRRI) and French Centre de
Coopération Internationale en Recherche Agronomique pour le Développement
(CIRAD) was started in 2006. The objective of the collaboration is to implement
microcutting technique in the propagation of clonal rubber rootstocks in tropical
country of Indonesia.
There are several constraints to implement microcutting technology in clonal
rubber rootstocks propagation. First, the buds of greenhouse mother plants are
not easy to multiply in culture due to a high rate of contaminations,
especially in tropical countries such as Indonesia. The harsh tissue sterilization
not only damages the growing regions of the buds but also affects their overall
growth potential. Therefore, the success of handling the contamination during
et al
Hevea
Hevea
Hevea
et al et al et al.,
in vitro
et al
Hevea
in vitro
in
119
Achievements and problems in the implementation of microcutting technology
Nurhaimi Haris, Sumaryono, Kasi P.D., Siswanto, Sumarmadji, Carron M.P. 2009. Achievements and problems in the implementation of microcutting  
technology for clonal rubber rootstock propagation. In Supriadi M., (ed.), Suryaningtyas H., (ed.), Siswanto, (ed.), Nurhaimi Haris, (ed.), Sumaryono, (ed.). 
Proceedings of the International Workshop on Rubber Planting Materials. Medan, Indonesia: Indonesian Rubber Research Institute, p. 118-132.  
IRRDB Workshop on Rubber Planting Materials, 2008/10/28-29, Bogor, Indonésie.
vitro
et al
in vitro
in vitro
Hevea
culture was the first challenge for the project. Second, perennial crops such as
rubber tree are difficult to be propagated in large scale by tissue culture technique
due to their low proliferation rate, poor elongation and rooting, and difficult to
acclimatize. So mastering high proliferation and rooting rates as well as
acclimatization survival rate are other challenges in microcutting process.
Process of rubber microcutting technique is to produce rubber clones in a
large number. The process is divided into the following phases (Carron .,
2005):
This phase is related to preparing plant as a source of explants and requires
proper maintenance of the plants in the greenhouse under disease- and insect-free
conditions. To minimize contamination during cultures, collection of
plant materials should be done after pretreatment of the mother plants with
pesticides. This usually improves growth and multiplication rates of
cultures.
Primary culture refers to the inoculation of the explants on a sterile medium to
initiate aseptic culture and it is known as the very first step in microcutting
technique. The good clean explants, once established in an aseptic condition, can
be multiplied several times; hence explants initiation in an aseptic condition
should be regarded as a critical step in this technique. Often, explants fail to
establish and grow, not due to the lack of a suitable medium but because of
contamination. primary culture starts through excision of stem axillary
buds from plants with two leaf whorls in the greenhouse. The explant surface was
sterilized with some chemicals and repeatedly washed with distilled water before
and after the chemicals treatment. After a short period of culture, 3 to 7 days, the
contaminated explants are discarded. The surviving explants are maintained and
used for further subcultures. After a period of culture, usually 4 - 6 weeks, the
surviving explants are subcultured in multiplication media.
Multiplication is a propagation phase in which the explants are regularly
subcultured on appropriate media for multiplication of shoots for several months.
The primary goal is to achieve propagation of shoots without losing its genetic
PROCESS OF MICROCUTTING TECHNIQUE
1. Phase 0: Pre-propagation
2. Phase1: Primary culture
3. Phase 2: Multiplication
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stability. Repeated culture of stocks (initial explants), adventitious shoots, and
cutting nodes, from primary culture leads to multiplication of explants in large
numbers. The explants produced at this stage can be further used for
multiplication by repeated cultures. The culture period between two subcultures
is 3 - 4 weeks.
shoots obtained from multiplication phase are conditioned to
strengthen the leaves before being introduced to the next phase, while the roots are
induced to produce complete plants. The conditioning step is usually done by
transferring shoots directly to appropriate media without intervention (cleaning
or cutting back) of the stumps. Conditioning media for rubber micropropagation
contains activated charcoal without plant growth regulator. Duration of the
conditioning phase is 3 - 4 weeks.
The formation of a functional root system is an essential step to absorb water
and minerals in conditions. In microcutting technique, rooting phases are
divided into root induction in liquid media and root initiation on solid media.
The culture time for root induction is 3 days, while for root initiation is at least 5
days. At the end of these two phases, not all the shoots are rooted but some of
them show an initiation of callus. The roots remain functioned and
continue to grow during acclimatization.
One of the critical stages in plant tissue culture is the transition phase between
the laboratory and field conditions. derived plants need to be gradually
weaned and hardened to field conditions. Steps are taken to grow individual
plantlets capable of carrying out photosynthesis. The hardening of the tissue-
cultured plantlets is done gradually from high to low humidity and from low light
intensity to high light intensity conditions. In rubber plantlets, there are 5
successive stages during acclimatization and nursery phase, including i) rooting-
weaning for 3 weeks, ii) hardening for 2 weeks, iii) pre-shading for 2 weeks, iv)
shading for 2 4 weeks, and v) nursery for 1 8 months.
When starting to use microcutting technique for clonal rootstocks
propagation, it was found that no rootstock clones were available for this
propagation or the ones accessible were not tested thoroughly. Since the selection
4. Phase 3: Conditioning and rooting
5. Phase 4: Acclimatization and nursery
PROBLEMS AND ACHIEVEMENTS
Mother Plants as Rootstock Candidates
In vitro
ex vitro
in vitro
ex vitro
In vitro
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criteria and methods to choose rubber rootstocks are not known yet, and then it
was decided to select mother plants (rootstock candidates) based on their growth
performance (plant height and stem diameter) in the field. The candidates were
selected at the Sungei Putih Research Center (IRRI) in 2005. As many as 100
seedling genotypes from 43,000 seedlings of GT 1, RRIM 600 and PB 260 clones
were selected and maintained as mother plants.
For almost 3 years, 89 out of 100 genotypes have been introduced in primary
culture whereas the other 11 genotypes were discarded due to their poor growth in
the greenhouse. Eleven genotypes out of 89 genotypes have not been continued to
multiplication phase due to high contamination or low response of axillary buds.
The success of primary culture was the first challenge to apply microcutting
technique in propagation of clonal rootstocks. There were two main constraints
at this stage, including the contamination rate of explants introduced from mother
plants grown in the greenhouse and the reactivity of axillary buds as a source of
explants. For almost 3 years as many as 19,000 explants from 89 genotypes have
been introduced in primary culture and around 40% of which failed to develop
during this stage due to contamination problem (average ± 29%) and low
reactivity or less response to culture environment (average ± 11%).
The data of contamination at the end of primary culture clearly showed that
there was high variation of contamination level from time to time. However,
there was a quite similar pattern amongst the years in peak of contamination level
and the high level was usually found in the wet season along the years (January
May) (Figure 1). It was predicted that the contamination level was closely related
to the season; therefore it is very important to introduce the explants in primary
culture during the dry season (July to December).
Primary Culture
Figure 1. Seasonal variations of the contamination in primary cultures
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Multiplication Phase
Conditioning and Rooting Phase
The data on Figure 2 showed that from March 2007 to March 2008, the mean
of contamination during the multiplication phase was higher than the
recommended rate for all subcultures. The source of contamination could be from
the culture environment (ants in culture room for instance), workers, and plant
materials. It is very important to reduce the level of contamination at this stage to
avoid the spread of microbes during cultures.
The mean of multiplication rate per month for each genotype has been
calculated after 10 subcultures (Figure 3); it was in the range of 0.7 to 1.6.
Statistical tests proofed significant differences between the best and the worst
genotypes. The highest coefficients are not consistent because for these genotypes
there were only 1 to 3 introductions in primary culture and less than 6 subcultures.
Therefore, to choose the best genotypes for regular and efficient propagation
through microcutting technique, many aspects should be considered including the
multiplication rate, the number of explants introduced at primary culture, the
number of subculture, and the performance of explants during cultures.
In general, the mean of multiplication rate per month has to be increased to
about 2. Many parameters can interact with this aim, including the quality of the
mother plants in the greenhouse, the quality of the stem for primary explants, and
the strategy of management of the plant material during the multiplication phase.
Conditioning phase is the step after multiplication phase. The purpose of this
stage is to strengthen the shoots before going to rooting and acclimatizationin vitro
Figure 2. Explants contamination during multiplication phase for subculture 1 to 10,
recorded from March 2007 to March 2008
Mean Contaminations during the multiplication phase
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phases. In this phase activated charcoal is usually used in the medium with some
function such as providing dark environment and adsorbing undesirable or
inhibitory substances in culture, produced by either media or explants (Pan & van
Staden, 1998).
From March 2007 to August 2008, almost 6,000 plantlets from around 70
genotypes had been introduced to conditioning phase and their survival rate was
about 80% in this stage. The 20% losses of plantlets were not fully understood yet,
probably due to their less vigor during the culture. Good condition plantlets were
then transferred to rooting phase to initiate the growth of roots and only 78% of
plantlets survived at this stage. It was recognized that the leaves or shoots of most
of un-survived plantlets, both at conditioning and rooting phases, turned from
green to yellow and then dried.
Procedures for acclimatization mostly followed the recommendation from
CIRAD, France with some modifications. plantlets after root induction
stage were used for acclimatization. Acclimatization was conducted at the
Laboratory for Plant Cell Culture and Micropropagation at Ciomas, Bogor.
Plantlets derived from microcutting (vitroplants) were washed and separated from
the remaining agar media and then dipped in a fungicide solution for 1 minute.
Vitroplants were planted in small transparent plastic pots and placed inside fully
closed plastic tunnels. The plastic tunnels were placed in the greenhouse or under
tree shading. After 4 to 6 weeks plastic tunnels were opened gradually for
adapting the plantlets to the natural environments. Plantlets with good rooting
systems were transferred to big polybags in the nursery.
Acclimatization of Vitroplants
Hevea
Figure 3. Multiplication rate of genotypes propagated through microcutting
technique
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The growing media was a mixture of cocopeat, soil, sand, and dung manure
with different compositions. Media must be loose, able to hold water and have
good aeration and drainage in order to support well the growth and development
of plant roots. Cocopeat can absorb and hold water sufficiently to keep the media
moist, whereas sand allows a good drainage. Up to now, all different medium
compositions did not influence significantly the growth and survival rate of the
vitroplants.
During early acclimatization experiments there was only a small number of
vitroplants that survived; therefore, several modifications of micro-
environmental conditions have been employed. The vitroplants were placed in
different environmental conditions such as in a glass box for a week before they
were transferred into plastic tunnel, in the plastic tunnel covered with 65%
shading net, in a small plastic tunnel in a room at constant temperature of 26°C;
and in a plastic tunnel under tree shade (canopy).
The survival rate of vitroplants during acclimatization process had increased
steadily from January 2007 to May 2008 (Figure 4). Since September 2007
vitroplants were placed inside a plastic tunnel under the tree canopies. By
modifying the procedure of acclimatization process, the survival rate of the
vitroplants increased. Up to May 2008, the average survival rate of vitroplants
was about 60%; however it decreased again in June and July 2008 (Figure 5).
The vitroplants cultured inside a plastic tunnel that were placed under the
shade of tree canopies survived and grew better than those in other environments.
Placing the tunnels under the tree shade allow a better air circulation (aeration)
and lower air temperature especially during midday. The reason for decreasing
the survival rate in last two months is not known yet, but it indicates that the
survival rate of vitroplants during acclimatization process is still much fluctuated.
The survival rate may also be contributed by the vigor of vitroplants before the
acclimatization.
clonal rootstock vitroplants were budded with recommended clonal
scion of PB 260. The plant materials used were 30 vitroplants (derived from
microcutting) after almost 1 year of acclimatization (MC), 15 seedlings GT 1
from Ciomas at 2 months old (SDC), and 15 seedlings GT 1 from Taman Kencana
at 6 months old (SDT). The vitroplants and seedlings were planted with the
planting distance of 1 m x 1m in the field nursery (Figure 6A).
Budding was conducted at 7 months after planting with the bud/scion of PB
260 clone. The budwoods were taken the rubber estate of PTPN VIII at Cimulang
near Bogor. Budding was done on 15 rootstocks of MC, SDC and SDT, while 15
MC trees were left unbudded. Three weeks after budding, plastic wrap was
Budding of Clonal Rootstock-Scion
Hevea
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opened and budding success was observed (Figures 6B and 6C). One month later
the stem of rootstock was cut 5 cm above the union. Shoot emerging from the bud
of scion was allowed to grow (Figure 6D), and then the plants were transferred to
the field.
The growth (plant height and stem diameter) of MC was as good as those of
SDC and SDT. Plant heights increased by 2.5 to 3-fold within 6 months. Stem
diameter is one of the criteria for budding prerequisite. Seven months after
planting, the stem diameter of MC was more than 10 mm which is suitable as
rootstock for brown budding. When the plastic was unwrapped after 3 weeks,
initial budding successes of MC, SDC and SDT as rootstocks with scions of PB
260 clone were 100%. This indicates that vitroplants can be used as rootstocks for
budding with the clonal scions of PB 260; however, whether they are compatible
or not as rootstocks for other recommended clones as scions should be examined
further.
The buds emerged and grew normally from the scions after the trees were cut 5
cm above the union (Figure 6D). Currently, budded (Figure 6E) and unbudded
(Figure 6F) vitroplants are being grown in the field at the Ciomas Experimental
Garden, Bogor.
Figure 4. Acclimatization of vitroplants: (A) Vitroplants derived from microcutting
ready for acclimatization; (B) Planted on soil mixed media, (C) Placed in a
fully closed plastic tunnel, (D) Vitroplants have been transferred to big
polybags in the nursery
D
B
C
A
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Figure 5. Survival rates of vitroplants during acclimatization at different times of culture
from January 2007 to July 2008
Figure 6. rootstock budding: (A) Rootstocks had just been budded, (B) Seedling
rootstock of GT1 was budded with the scion of PB 260, (C) Vitroplant
rootstock was budded with the scion of PB 260, (D) Shoot emerged from bud
of scion after the stem was cut, (E) Budded vitroplants in the field, and (F)
Unbudded vitroplants in the field
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CONCLUSION
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DISCUSSION ON SESSION III
Question:
Answer:
Answer:
Answer:
Question:
Answer:
Dr. Rasidin Azwar (National Committee for Germplasm, Indonesia)
As plant breeders we have not done selecting good materials for rootstock. We
should do it by verifying the effect of rootstocks on scions by using a widely
genetic variation. I would suggest that we start by selecting different species,
amongst different clones and then within the same clones, with respect to the
compatibility between rootstock and the clonal scions.
Dr. Marc Kleinhentz (INRA, France)
The first step to select the planting material for rootstock is by knowing the genetic
variability of the materials. The second step is by understanding the interaction
between the rootstock and the scion.
Dr. Marc-Philippe Carron (CIRAD, France)
I agree with your suggestion. I would like to mention that we have 100
candidate genotypes selected by IRRI to obtain two or three selected genotypes to
be able to produce rootstock clone, and these genotypes will be used as reference.
In the future we can introduce new progenies from species other than to
enlarge the genetic background in selecting new quality of rootstocks.
Dr. Nurhaimi-Haris (BRIEC, Indonesia)
We started to use microcutting technique in 2005, and that time we realized
that we have not selected clone for rootstock. We used seedling rootstocks. We
don't know exactly how to select good candidate for rootstock. We selected the
plant based only on the growing vigor, i.e. by measuring stem diameter and height
of the plant. I think your suggestion can be considered on how to select the good
candidate for rootstock.
Mr. Frederic Dumortier (PT. Socfinco, Belgium)
In cherry plant, how many different qualities can you manage to assemble in
the rootstock? How do you manage the selection of the rootstock for tolerance to
drought, to water lodging, to and to . How to speed up
the test for selection to get the good characteristic of rootstock?
Dr. Marc Kleinhentz (INRA, France)
For nematode, for example, we can make infestation of nematode to the
rootstock. We can not select rootstocks which are tolerant to all, pest and/or
brasiliensis
Armillaria Agrobacterium?
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abiotic stress conditions. They may be only tolerant to one or two pests or
conditions, and they are only less susceptible, not resistant to other factors.
Dr. A. Aziz S.A.Kadir (Secretary General, IRRDB)
I have some questions to Dr. Nurhaimi and Dr. Carron.
To Dr. Nurhaimi:
- Regarding the contamination, what organism do you find normally in the
contamination?
- About the acclimatization that success rate is about 10%, it is very low. What
contribute to that low success rate of acclimatization?
- What type of root systems that you observed in the acclimatization, was that
the tap root system or between the taproot and fibrous root system?
To Dr. Carron:
- You mentioned that there's clone that is resistant to white root disease. Is this
based on some evidence of some of their work?
- How long the timeframe required for producing the rootstock clone by
microcutting?
Dr. Nurhaimi-Haris (BRIEC, Indonesia)
Most of the microorganisms causing contaminations are fungi and bacteria,
but I did not observe more detail on the species of the fungi or bacteria. We work
as a team in order to have high success rate in laboratory work and acclimatiza-
tion. At first time, it's very difficult to acclimatize the plantlets in the greenhouse.
We found that the temperature in the greenhouse is high, especially in the
afternoon. Because of the facility limitation, we used area under tree canopy for
acclimatization, and this could increase the survival rate of the plant, even if it is
still fluctuated up to now.
Sumaryono (IBRIEC, Indonesia)
In the acclimatization process, we used different composition of a mixed
medium which consisted of cocopeat, soil, sand and dung manure. But there was
no significant difference regarding the effect of the media on the survival rate of
the plants. We think that the micro-climate may affect the survival rate of the
vitroplant. When the vitroplants were put inside the plastic tunnels and placed
under tree canopy, the survival rate of the plants was improved. We know that
rubber plantlet is difficult plant to work with, and we still have no exactly idea why
the survival rate is very low. In the future, we will try to increase the relative
humidity inside the tunnel and/or try to use hydroponic growing media.
Question:
Answer:
Answer:
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Dr. Marc-Philippe Carron (CIRAD, France)
For the question regarding white root disease, actually there's no evidence for
genotypic resistance of the plant against white root disease in laboratory, but
many plants seem more tolerant to white root disease. Because cloning of root
system is not available until now, the researcher can not separate the origin of the
resistant plant whether it is due to genotype or the interaction between genotype
and microenvironment. Regarding the timeframe required to produce the
rootstock clone by microcutting for commercial purpose, we have not consider the
time from primary cultures until acclimatization. In the future we think to reduce
the time on acclimatization to be 4-6 months, and the total time required for the
plants ready for budding is to be 8 to 10 months. We could also do mini-budding or
micro-budding in order to shorten the phase and take the advantage of tissue
culture.
Mr. Pham Van Hang (RRI, Vietnam)
How to maintain the juvenility of the material that is used for rootstock
microcutting?
Dr. Marc-Philippe Carron (CIRAD, France)
We know that we have to develop procedure to maintain juvenility of the
plants in budwood garden. We are still on progress to do that work, and we need
time to collect data to give evidence that the juvenility have been maintained.
Dr. Pascal Montoro (CIRAD, France)
I think we already have evidence about the juvenility by using vitroplant from
somatic embryogenesis that can be used as bud material to be grafted on seedling
rootstock. Dr. Carron and Dr. Francoise Granet from Michelin have the evidence
that this kind of material can be ideal in terms of grafting success and plant growth
vigor.
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